What Goes
Around Comes
Around

The readers debate sailing’s aerodynamics and the concept of circulation.

st October and November, Sailing

Weirld published excerpts from The

Art and Seienee of Sails by Tom

Whidden and Michael Levitt (St

Martin’s Press, 1990), The excerpls

focused on aerodynamic theory, and
the concepts outlined by the authors were
complex. The underlying question, however,
wis basic: What really happens when wind
and sails run into each other?

The excerpts prompted several SW readers
to respond with long, detailed, and some-
tmes vehement letters disputing Whidden
and Levitt's explanations. §W’s editors
passed the letters along o0 Whidden and

FIGURE 8

Contrary to the old slot-effect theory, circulation flows around main and jib
only slower as a result, but a good deal is diverted to the lee side of the
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Levitt for a response; Whidden and Levitt in
turn passed them along o Arvel Gentry of
Boeing Aircraft, whose research and theories
{ormed the basis of their serodynamic argo-
ments in e Art and Scienee of Sails.

Within a couple of weeks there amived at
the SW offices about 30 pages of response
from Whidden, Levit, and Gentry, covering
the 16 pages of questions and postulations
sent in by readers. In order to lend some
form to the substance of the debate, SW's
editors have armnged excerpis from both let-
ters and responses into a kind of dialogue.

Readers should be aware that all the partics
1 this debate had more o sav than could he

{see Figure 10).

tend to cancel each other in the slot. Airflow in the slot is not

published in this limited space. SWs edi-
tors have had to delete a number of points,
counterpoints, and supporling urguments
that would have interested even those few
of our readers who might not be aerospace
engineers or fluid dvnamicists. We've
tried to apply the editorial haichet equi-
tably, while dodging the pitfalls of guoting
central scientific theses out of conext.

Tom Whidden, President,
North Sails: The primary subject of
these letters 15 the aerodynamic term “cir-
culstion.” as addressed in our book, and
the appropriate expression for circulation

- HOW CIRCULATION SLOWS FLOW IN THE SLOT

o

Al lustrations jused boih in fha Nowember 10580 s and in this amchj ane by imageies, based on Jay Goebeds onging
biack and whie il hmtmations from The A and Scence of Sails



und the passion it engenders is, “What goes
around comes around.”

In 1973 Arvel E. Gentry, then a research
specialist in aerodynamics at the Douglas
Aircraft Company, sad in the pages of Sail
magazing that the jib reduces the velocities
that would otherwise exist on the forward lee
side of the mainsail. This amounted to sailing
Darwinism; the end of the standard
venturi/siot-effect theory. By the ume he was
through with his series of anicles, other pet
theories used 1o explain sailing would fall, wo.
From the beginning, it was hugely controver-
sial, It was as i Gentry had said that man had
evolved from apes, the earth was round, or the
earth and planets revolved around the sun,

Peter Barretl, an engineer specializing in
fluied mechanics, an Olympic medualist, and
sailmaker, ok on Gentry in s monthly col-
umn in Yachr Racing (now Sailing World)
magazing: “When | wrote an article 10 years
ago viewing sails from a Muid momentum
concept instead of a pressure-velocity rela-
tionship, 1 stated near the end that ‘the aver-
age racing skipper will probably not find
many applications for sailing theory in its
pure form." | feel the same way today... 1 am
willing o state categoncally that |Gentry's)
future articles will do little if anything to
improve directly the performance of either a
given class of sailboat or a reader.”

That was in 1973, Since then, Gentry's
theories have translated themselves into a
number of practical applications — and have
improved the performance of both sailboats
and sailors. Speaking personally as a salor,
sailmaker, and awthor, I've found Gentry's
theories immensely helpful in what 1 do. In
The Art and Science af Saifs, Michael Leviu
and I worked hard 1o unite the latest acrody-
namic theories with the age-old practice of
sailing. We are the messengers, not the
asthors, of the theories. It was Arvel Gentry
who provided the aerodynamic underpin-
nings for the book. and he is quite capable of
defending himsell,

Steven Bellavia, Islip, N.Y: 1 am
very surprised that vou would let the two
subject articles be printed without being
properly reviewed by an expert or professor
in aerodynamics... It appears 1o me... that Mr.
Whidden and Mr. Levitt have a poor under-
standing of the concept of circulation and L1,
and have unfortunately inflicted this distoried
view onto your readers,

Arvel Gentry replies: | sianed sail-
ing in 1967 while 1 was working in the
Acrodynamics Research Group at Douglas
[see box for condensed curriculum vitae], |
read all the books and magazine articles |
could find, and was dismayed 1o find that all
of them gave the wrong explanations for how

Aerodynamics From the Experts

Tom Whidden and Michae! Levilt's book
axcerpt “The Aerodynamics of Sais” (SW
Cct. & Nov. ‘'90) was based in great part
on the work of aerodynamicist Arvel
Geniry, who this month responds direclly
1o reader questions. Following is a con-

| densed version of his curnculum vitae:

Graduate of University of Califormia,

Buw 1955, E.Shmmafa@'

mmnmmtmmum
Lockheed i1 Burbark whie studing for
masters degree in Aaronautical
Engineering at USC (1958). 1858-1977
worked at as Aircraft Gompany in
Lang Baach, the last 10 years in the

Aesearch Group under

AMO &rﬁrmwmmmﬂ |

developing computer programs used in
gerodynamic analysis and design of air-
craft. Moved fo Saeaftle in 1977 o wark in

the Aerodynamics
ﬂmmmmm
Supervisor of Asrodynarmics Computing
Gmoup, 1981-88; then worked for wo
years for Boaing Compufer Services on
new CADVCAM systern and on Navy con-
tracts, Refurned fo Astodynamics
Research Dapt. of Boaing Cammernial
Alrpiane Group late in 1989 1o work on
computational fiuid dynarmics methods
(CFD) for the high-speed civl transport
(HSCT). Mamed Associate Technical Fafow
of the Boeing Comparty, December, 1950,

sails generate lift. Every college textbook on
aerodynamics explains that lift s caused by
the circulation about an airfoil that s neces-
sary 10 satisfy the Kutta condition at the trail-
ing edge of the airfoil. Unfortunately, this is
buried in a lot of mathematics that are diffi-
cult 1o translate into simple terms for the
average sailor.

Acrodynamics 15 nol an mtuinve science,
It is a very complicated subject, and even
most trained serodynamicists tend to become
specialists in a few specific areas, such as
high-lift systems, computational fluid
dynamics, stability and control, ete. Altempts
i explain aerodvnamic phenomena by well-
intentioned non-aerodynamicists have resalt-
ed in wrong and often humorous results.
However, there i1s no controversy as 1o the
generation of lift on an airfoil. This phe-
nomenon has been well understood by sero-
dvnamicists for many years,

In 1969 | read a techmical report on high-
lift systems — airfoils with trailing-edge or
leading-edge devices extended, such as flaps
and slats, This repon talked about the “high-
speed flow in the slot between the leading-
edge slatand the main wing as energizing the
boundary laver,” The authors did not give
any equations o prove this statement. This
was the same type of language that | had
seen in the sailing books when describing the
interaction between the jib and mainsail.
These kind of statements did not match what
| knew about the pressure distributions on
airfiils and the boundary layers about them, 1
went to the high-lift specialists in the
research group and also talked to the design-
ers of the high-lift systems on the Douglas
transports. They all agreed that this simple
explanation was wrong. They had found that
as the slat is moved away from the main air-
foil in increments, the velocities increased on
the forward lee-side of the main airfoil, the

pressures got lower (more suction), the pres-
sure change from the leading edge o the
trailing edge got greater, and the boundary
laver on the main airfoil began to separate.
They had discovered this in their wind unnel
tests. They had also verified this when they
applied their multi-element airfoll computer
programs (o their high-lift systems.
{Computer programs that solve the flow
about two or more airfoil components that
are close together are wsually called multi-
element airfoil programs. )

I myself did not “diseover” the correct
explanations for how two airfoil components
interact with each other. In essence, [ too
have been a “messenger.” Although the stan-
dard aerodynamic textbooks did not cover
the subject in sufficient detail, the aerody-
namic specialists in high-lift systems at
Douglas, at Boeing, and probably those at
most of the other aircraft companies had
already discovered how two or more airfoils
interact with each other. Certainly, the avail-
ability of new multi-element airfoil computer
programs at that tme fumnished the waols o
explore all aspects of the flow about complex
airfoil systems. The facts were known in the
high-lift airfoil business, but had not been
applied 1o sails.

It was at this point that | decided to accept
the challenge of tryving o explain these com-
plex interactions as applied o sails. Much of
my spare time over the next fwo years was
spent in preparing my explanation. 1 knew
what [ was letting myself in for. 1 was going
to come out with the statement that all of the
sailing books were wrong, and [ had 0 buld
an iron-clad story.

I started with a device called an analog
field plotter, which allowed me 1o accurately
draw the streamlines about sail airfoil shapes,
I Fele this was important because many of the
sailing books gave wrong conclusions and
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FIG. 9 — STREAMLINES FOR MAINSAIL FLOW ALONE

H = Streamiine through headstay
Sy = Main stagnation streamiine

With main only, Arvel Gen
lower or windward side of

s calculoted stagnation streamline (Sm) comes into the
sail. The air between it and the streamline flowing

through the headsail-less headstay (H) is the air that might reasenably be expected
to flow through the slot once ﬂt:mr were raised (see Figure 10).

explanations that were derived from hand-
drawn streambine pictures that were obvious-
v wrong. With the analog field plotter the
effects of ignoring and then including the
trailing edpe Kutta condition could be easily
simulated. 1 analyzed a great number of sail
shapes and combinations, The analog Feld
plotter was helpful in ariving ot & number of
streamline drawings that, when viewed in
sequence, not only iluminated how 1ift is
generated, but also showed the principles of
how the jib and mainsail interact,

The streamlines were only part of the
story. The nexi siep was w gpply o multi-gle-
ment airfoil digital computer program o the
final airfoil test sequence arrived at with the
analog field ploter. The computer caleulated
even more precise streamlines, and also gave
the resulting velocities and pressure distribu-
tions about the sail shapes. This was fol-
lovwed by a series of water channel studies an
Long Beach Stae College. Some of the pic-
tures are shown in Whidden and Levitt’s Arr
el Science 4.!!'.5'.:”.".*..

Up w this point all of my work had been
done assuming (wo-dimensional airfoils.
This is standard practice in aerodynamics.
Fhe next step was to study the effects of
finite spun, the three-dimensional factors. |
miade a few runs of full sail shapes on a
three-dimensional Tifting surface computer
program, and the results verified all of my
two-dimensional studies,

The final step of my research was 1o go
sailing, 1 put about 500 wfis on my jib and
main w ohserve the separation patterns, and
used 4 special pressure probe attached 10 a
telescoping pole to study the flow. A device
that generuted a continuous stream of soap
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bubbles was also attached to the pole and used
to visualize the flow patterns about the sails,

After two years of work [ was able 1o
show in detail how the jib affected the main,
how the main affected the jib, and the effects
of changing the trim of the two sails,

The next step was to publish my results
and subject them o the review of my peers
in the scientific lield, My paper, “The
Aerodynamics of Sail Ineraction.” was pre-
sented in 1971 ot the Amernican Institute for
Aeronautics and Astronautics (ALAA)
Ancient Interface Symposium. Over the past
1% years T have not received a single cnti-
cism of the theories from anvone experi-
enced in the aerodynamic high-1ifl business.

Starting in April 1973, | wrote a series of
11 articles on sail aerodynamics for Sail
magazine, That year | was also asked by
Duvid Pedrick o conduct some research on
masi-shape designs for the 12-Meter
Ceonrageous. The same tools and methods
that I had vsed in my sail theory were
applied 10 this problem and produced a new
masl shape that when tesied demonstrated
improved acrodynumic flow, This mast was
used to defend the America’s Cup in 1974
and again in 1977, This design was also used
on Freedom in 1980, and a slightly modified
version was prepared for Liberrv in 1983,
The important part of these design stodies
wits that the Now velocities on the mast are
reduced by the jib, and that the optimum
miast shape must be designed with bath sails
and all of the detail of the flow present (not
just by studying o mast by itself in a wind
tunnel ),

In 1975 AM.O. Smith published his
famous “High-Lift Aerodynamics™ paper.

This paper gave a very complete scientific
description of just about every aspect of
high-lift agrodynamics and the slat (slot)
effect, and should be studied by anyone
doubting the material in my sail-theory paper
and articles.

In 1976 C.A. Marchaj requesied permis-
sion to use all of my material in his book,
Aero-Hydrodvnamics of Sailing. In the
revised 1988 edition, Marchaj states: “Many
problems concerming the interference
between a mainsail and a jib were clarified
by A. Gentry who explained correctly, for the
first time, the jib-mainsail interaction effect.”

The cormect explanation for the jib-main-
sail interaction has by now heen published in
a4 number of other references. and most
impontant. is backed up by a number of tech-
nmical papers and wind tunnel tests, Over the
years a number of sailmakers, sailing
instructors, and college instructors have
asked to use my material in their work and
classes. The material has appeared in several
different languages.

There is no longer any controversy over
the slot effect and how sails work, any more
thiun there are arguments that the earth is fat.
However, while the physics and theory may
not be in question, the best way of ¢xplain-
ing these facts in simple terms is always
open to discussion,

Bellavia: Since accurate in ANy Ureis,
the articles are more misleading than ingcor-
rect, particularly [Figure 8] of the second
article (November 1990)... To try to explain
what circulation is or “looks hike™ would be
equivalent to trying to show what the inertia
of a rotating bhody looks like... Inertia is sim-
ply a property of o body, dependent on the
mass of that body and the distribution of that
mass [just as] circulation is the properny of
un airfoil dependent on the velocity field
arcund the forl and the distribution of that
field. The imponant thing is to understand
how inertia affects the rotation of a body, or
in this case, how the circulation affects the
lift on the airfoil, and not what it might look
like if you could see it. This is why [ find
Figure 8 very disturbing. | have actually had
a sailing friend call me and ask why he has
never noticed the windward tellales Aowing
in the opposite direction of the leeward 1ell-
tales if this is how the air actually flows around
the sail!

David Mulkey, Las Vegas,
Nevada: . [regarding the slot effect] the
authors are drawing diagrams, then using
them to prove “the new view." First, if Sm s
4 “continental divide,” how can it shift from
center 1o leeward or windward? Compression
of streamlines would be a more effective illus-
tration, which would show increased velovity,



FIG. 10 — FLOW OF STREAMLINES WITH MAIN AND JIB

Verituri, or slot effect. My ellales on the jib
leech don't do what Figure 8 soggests would
happen — fAow into the sloL..

Gentry replies: The lines and armows
mn Figure 8 are not streambnes. They simply
show the clockwise direction of the circula-
tions about each airfml. If you did calcalate
the detailed velocity veetors due 1o the circu-
lations all around the airfoils, and then added
these vectors to a similar set of velocity vee-
tors that you would get for flow calculated
about the airfoils without circulation, you
would arrive at a complete velocity vector
picture of the entire Now feld (see p, 121 of
B. Shevell's book, Fundarmentals of Flight).

The streamline dingrams shown in Figures
5 and 10 in the November anicle were based
on my 1971 AIAA rechnical paper. The lines
divide the Tow that goes on each side of the
airfoils, and wre called stugnation streamlines
because these lines actually touch the airfoil
surfaces, and the velocity at this precise
point is zero. The location and shape of the
stagnation streamline changes every time i
change 15 made in the flow conditions, such
s the addivon of another artonl, or a change
in the angle of mtack. These lines were nof
simply drawn by hand; they were calculated
precisely by a digital computer program. The
computations assumed that the boundary
layer thickness displacement effect is negli-
gible, which is a good assumption for this
stucdy. Under this condition the computation-
al results produced by the program are exact.
For some results with boundary layer thick-
ness and separiation effects included, see my
paper, “The Application of Computational
Fluid Dynamics of Sails™ (1988),

Bellavia: [With regard 1o the slot effect]
I would like Mr. Whidden and Mr. Leviit 1o
conduct the following experiment: Place an

S; =Jib's stagnation streamiing
S = Main's stagnation streamiine

air velocity meter (turbo, anemometer, elc.)
in the center of the slol of a sailboat
equipped with a knotmeter, a masthead-
mounted apparent wind velocity meter, and a
furling jib (away from the spreader so as o
avoid the effect of the spreader itself),
Keeping the jib furled, sail closehauled, trim-
ming the mamn for attached flow, and record
boutspeed, apparent wind velocity, and the
“slot velocity.” Now unfurl the jib, retrim-
ming as necessary for atached flow, and
record the parameters. What they should find
is that Daniel Bemoulli (along with the laws
of continuity, and conservation of momen-
tum and energy) are indeed comect. The sl
velocity increases with the jib, and in greater
proportion than the merease m apparent wind
velocity caused by the increase in boatspeed
from the extra sail,

Gentry replies: Mr. Bellavia's test
plan, with all of the sail retrimming and
changes in apparent wind angle, will not
help much in understanding the slot effect.
He has wo many variables changing. | sug-
gest that the experiment be conducted in
reverse order: Tape several horizontal rows
of short telltales on the lee side from the
miast to the mamnsail leech. Start with the jib
flying and the boat sailing closehauled.
Under steady wind conditions maintain a
constant heading. Measure the surface veloc-
ities on the forward lee side of the mainsail.
Next quickly retract the jib only part-way
and measure the mainsail pressures again. If
this takes too much time, use the engine
slightly to keep the same boatspeed. What
you will see as the jib is moved away from
the mainsail is that the velocities on the for-
ward lee side of the mainsail will increase,
nol decrease as the old Ventun theories
would imply. As the jib gets farther away,
the increase in mainsail surface velocities

With main and jib, the
mainsail’s stagnation
streamline has shifted

, or to leeward,
:rmviﬂg that the pres-
ence of the jib causes
the main to sail in a
header. The jib's stag-
nation streamline (5])
moves to win
(lower) of the old head-
stay streamline (H),
showing that lass
air is gglng through the
slot than under main
alone {Figuu 9.
Velecity in the slot is
not speeded up by the
presence of the jib, but
the extra air going to
leeward of the jib is
celacky e prsvih
valocity
the jib with a lift! oo

over the forward lee pant of the sail mean that
there will be a more rapid increase in pres-
sure as the flow slows down toward the trail-
ing edge. This increase in pressure will cause
the flow 1o tend 10 separate and eventually
cause the mainsail to stall, With modem digi-
til multi-element airfoil computer programs
it is possible to study each of these effects
one at 4 time, without having oo many vari-
ables changing at once. | suggest that Mr.
Bellavia study A.M,O. Smith’s “High-Lift
Aerodynamics™ paper.

Peter R. Fenner, Richardson,
Texas: [In the October 1990 excerpt] | find
a statement which mmplies that if Nuds did
not have viscosity there would be no lift. |
find this statement to be misleading, if not
totally wrong. Much of my understanding of
why sails work comes from an article in the
predecessor of Sailing World  [One-Dexign
& Offshore Yachtsman], pablished in the
1960s by Peter Barrett. As with many physi-
cal phenomena, there is more than one way
to mathematically describe the forces
involved. Peter, being an enginger, explains
the force created on a sail as a result of
changing the direction of the air mass flow.
Under that view, only a fluid flow with no
mass would produce no lift.

Gentry replies: | suggest that Mr.
Fenner study chapters 8 and 9 of the famous
book by Richard Von Mises, Theory of
Flight (1945 and 1959). He will see that the
key piece of knowledge that first allowed sci-
entists o calculate the lift on an airfoil was
the Kutta condition (in 1902), The Kutta con-
dition stated that there must be a finite veloc-
ity al the trailing edge (Von Mises, p. 201).
The physical reason why this is true is that
the viscosity in the air will not permit an infi-
nite-specd flow around an airfoil trailing
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edge, as explamed in the Whidden and Levin
articles. Without viscosity the Kutta conidi-
ton would not exist; there would be no circu-
lation field to add to the non-lifting onset
Mow, and there would be no drag and no Jift

Charlie Small, Worthington, Ohio:
[excerpts from a 1O/ 890 letter 1o SW] . The
theory of motary circulanion around an wroil
reminds me of the medieval astronomers’
attemnpis 1o expliin the motion of the planets,
They started with the assumption that the
earth was the center of the universe, The the-
ores and mathematics became more and
more complex but they failed because they
did not examine their basic assumption... The
fact that, afier all these years, there is sall any
guestion about how o sail works suggests that
somewhere we've started with some wrong
assumptions. One of these assumptions is
that a sail is the same thing as an aircrafi
wing and that data from wind tunnel tests is
applicable to o sail.

I have trouble with this assumption on two
counts. First, an aircraft flies by putting ener-
gy into the air, while a salboat must take
energy out of the air, and second, that the air
flow conditions are similar, In wind wnnel
tests, bathtub tests, and in actual Might the
true wind and the relative wind are coming
from the same direction. On a sailboat the
true wind and the relative wind (when going
to weather) are about 15 degrees apart. This
creates @ set of conditions that have minimal
simlarity o an aircrafi.

To dispense with all the mathematics and
theorems. the simple fact is that the thing that
makes a sailboat go 1s a difference in pres-
sure from one side of the sail to the other. On
the weather side the air.. can no longer con-
tinue in s Might path, soit s prling up against
the sail, In this pile-up the momentum of the
wind is converted into positive pressure
iwhich pushes the sailboat forward and also
produces hegl)

On the leeward sice the air wants o continue
o its ongingl fight path and speed. but 10 do so
would create a void, so it responds by expand-
ing. This expansion serves 1o fill the void and
the reduced pressure “pulls” the sail along.

Since air (or any fuid) will tend 1o move
from a higher pressure region (o s lower pres-
sure region, there will be a tendency for flow o
oceur around the foot, leech, and Tuff of the <il,
which is easily demonstrated by using telltales,
S0 what we have 15 a mound of high-pressure air
on the weather side of the boat and low-pressure
iexpanded ) wr on the lee side,

I's now. dafficult W imagine the effects that
this produces. First the mound ol high pres-
sure o windward s trving o low into the
lowier pressure arca behind the sail, thus cre-
ating the “upwash” effect at the luff that
Whidden refers 0. Also the increased wind-
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ward pressure is squeczing air ool through
the slot between the main and the jib, which
creates an eductor |sic] effect like o paini-
spray gun (e, the fow through the sl tends
to pull air off the lee side of the jib w join its
moving stream), which gets the two
airstreams moving at the same velocity, So af
there is acceleration of the wr in the slot i is
due to the high pressure to windward. This is
demomstrated an high winds by the backwind
bubble along the laff of the main, which can-
net be avoided if the boat is 1o move well,
|excerpts from a 913/90 letter o SW] _.
When the air has no energy {(velocity) the
boat does not move, bul when the wind is
Blowing the air has momentum cnergy and
the boat reacts well, The force that drives the
boat comes from converting wind-speed
energy o pressure acting on the sail, The
more eflicient the process, the less speed
energy is left in the air when the boat passes.
Thus the idea that the wind speeds up while
it travels around the sail is olly contrary o
whait has 1o happen 0 get enerzy oul of the air.
Viscosity, boundary layvers, und
Bernoulli have little 1w do with what is going
o, and i anyone knows how to regularly
achieve the Kuna condition | hope 1o hear
from them. My mainsail leech streamers
always wint o bend around the lee side and
stream forward.

Gentry rﬂpﬁnﬁ: Fascinaning! I've never
heard quite these arguments before, Every
onge of Mr. Small’s sunements is wrong — so
wrong that [ almost think he’s pulling our
leg... Apparently Mr. Small has never seen
small airplane come in for a landing in a
crosswind... The lift and drag that an airplane
or our sails experience are o result of the
apparent wind that is & vector combination of
our movement over the carth plus the moy-
ing air. The airplane in a crosswind, the sails
on our boats, an airplane or sail rig in a wind
tunnel — all are governed by the same laws
of fluid dynamics.

As for air “piling up™ or “expanding.” or
having an “eductor effect™ in the slol, I'm
sorry, Mr, Small. Air at the speeds that we
sail in is virtually incompressible. Every
cubic inch of air on the windward side of a
sail has the same density os a cubic inch on
the leeward side. Air does not “pile up.”™ It
slows down, or speeds up, according 1o the
well-undersiood laws ol Muid dynoamics. The
result is thar the flow is as described in the
Sarfing Werld anticles, and not by any “paint-
spriy gun' effect.

Mr. Small, the backwind bubble along the
uff of your mainsail is caused by the Faet
that the jib has reduced the velocity and
increased the pressure so much in the slot
than the pressure on the lee side of the luff s
higher than the pressure on the wincdwinrd side

And your leech streamers that “always want 10
bend arcund the lee side and stream forward™
are only trying w el you that the air flow on
the lee side of your mainsail near the leech is
separated, causing reduced hit snd more drag,

Hl.llke‘y‘: [regarding how the jib affects
the main] If the streamlines were properly
drawn, they would be apart at the lufl of the
jib and together in the body and leech (10
windward, or in the slot), resulting in thicker
boundary layers pointing forward and thinner
ones pointing o leeward, Conversely, the
closer sireamlines would be o the laff of the
main o leeward, decreasing pressure and
resulting in forward 1L With a keel in place,
et it is Torwand. This is how sails work, {or
those of us who still believe the world is fat,

Gentry replies: First. Mr. Mulkey, you
clearly do not understand how boundary Lay-
ers work, Second, you must have gotten your
information from some of the old sailing
books with streamlimes that were simply
drawn by hand and not based on any detailed
amalvtical or rest work, The detailed velocity
ficld and resulting pressures about the jib and
miain depend upon the shape of the sals and
the angle of attack. The shapes and condi-
tions for the detailed caleulmtions that pro-
duced Figures 9 and 10 are good representa-
tions of actual sails. A boat trimmed for
windward sailimg will have the jib stagnation
streambing coming in right at the Iull wire, or
stightly on the windward side if it is driving
off a hit. This will couse the peak velocities
amd suction pressures (o be the highest over
the forward part of the sail. The sireamlines on
the aft leeward side of the smils must slowly
diverse from the sail surface, since the Mlow
must slow down o Gnally match the wind-
wird-side speeds and pressures wt the leech,
All of this has been verified by detmled com-
puter caleulations, by wind-lunnel tests; and
by sctual measurements afloat.

Whidden —Summary: Whal soes
around comes around. In the 19605 Peter
Barrett wrote an article in One-Desien &
CHfshore Yachismean that stuck firmly in Peter
Fenner's mind. In the 19T0s, Barrett dis-
missed Gentry's theories as possibly true but
ineffectual. Back then Michagl Levii, my co-
author, was an editor W Yachr Racing, and
Barrett was vice-president of North Sails,
where T am now president. Last vear Michael
Levitt and | relied on Gemry 10 provide the
foundation for the acrodynamic theones dis-
cussed in our book; excerpts rom which
were published in Sailinge World, Today, the
excerpts have provoked several readers,
including Peter Fenner, citing Peter Barvett.
to argue the same points in the pages of the
siume magaeine, Now that's circulation!



